Abstract. Increasing the number of disasters around the world decreases the performance of supply chain. The decision makers should design resilient supply chain networks that can encounter disruptions. This paper develops an integrated resilient model for supplier selection and order allocation. Resilience measures including quality, delivery, technology, continuity, and environmental competences were explored for determining the Resilience Weight (RW) of suppliers. Fuzzy Decision Making Trial and Evaluation Laboratory (DEMATEL) and Analytic Network Process (ANP) methods were applied to nding the overall performance of each supplier. Then, the developed mathematical model maximized the overall performance of suppliers while minimizing total cost of network. The proposed mathematical model helps the decision makers to select supplier and allocate the optimum order quantities by considering shortage. Since the disruptive incidents are inevitable events in real-world problems, the impact of disruptions on suppliers, manufacturers, and retailers has been considered in the proposed model. Inherent uncertainties of parameters were taken into account to increase the compatibility of the approach with realistic environments. To tackle the uncertainty and multi-objectiveness of the proposed model, interval method and TH aggregation function were adapted. The proposed model was validated through its application to a real case study of a furniture company. Results demonstrated usefulness and applicability of the proposed model.
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Introduction
Rapid development toward globalization, competitive marketplace, remarkable advances in technology, and high expectations of costumers have convinced companies to reduce costs and increase their competitive advantages [1] . A supply chain encompasses suppliers, manufacturers, distributers, retailers, and costumers, beginning with purchasing raw materials and ending *. Tel.:+98 11 34552000 E-mail address: n.sahebjamnia@mazust.ac.ir doi: 10.24200/sci.2018. 5547.1337 with consumption of the nal product by the customer [2] . Due to the presence of various actors, decision making issues in the supply chain are more complex than those in other areas. Decisions in supply chain management have been classi ed into three categories at strategic, tactical, and operational levels [3] . The main decisions in strategic level are partnership selection and supply chain network design as they have the most extensive e ects on the performance of the network [4] . Procurement [5] , production [6] , distribution planning [7] , and order allocation [8] challenges are the most important issues at the tactical level. Finally, at operational level, decisions such as production and transportation scheduling are considered [9] . Unstable situations and unexpected incidents among supply chain actors force decision makers to recognize the optimal decision at any level and in any situation. Therefore, they need to update the supply side by choosing suppliers and allocating orders jointly and rapidly [8] .
Researches have demonstrated that supplier selection (at strategic decision level) and order allocation (at tactical decision level) decisions have a signi cant inuence on the performance of the supply chain [10, 11] . This in uence becomes more prominent when several supply chains have been disrupted by disasters or crises. In such situations, generally, the actors lose their resources and, consequently, they cannot deliver their products to the next level in the supply chain network [12] . To tackle this issue, decision makers have to consider the resilience features for choosing suppliers and determining order quantity. Despite the growing concerns about disruption in supply chain network design problems, few scholars have considered the resilience features to solve SS&OA problem [13] .
This paper develops an integrated resilient model of SS&OA under uncertainty. At the rst stage, resilience measures are explored for choosing appropriate suppliers according to resilience features. Then, the weight of each supplier is determined by applying two well-known multi-criteria decision making methods, namely fuzzy DEMATEL and fuzzy ANP. The Resilience Weight (RW) of each supplier is used to develop a new fuzzy multi-objective mixed-integer linear programming model. The proposed mathematical model helps the decision makers to select supplier and determine order size as well as shortage through minimizing total cost and maximizing resilience of the supply chain. Since the disruptive incidents are inevitable events in real-world problems, the impact of disruptions on suppliers, manufacturers, and retailers is considered in the proposed model. In addition, inherent uncertainty of parameters is taken into account to increase the compatibility of the approach with realistic environments. To tackle the uncertainty and multi-objectiveness of the proposed model, interval method and Torabi-Hassini (TH) aggregation function are adopted. The proposed model will be validated through its application to a real case study of a furniture company. The main contributions of the paper can be outlined as follows:
Developing an integrated model for SS&OA by considering shortage;
Considering the impacts of the disruptions on the actors of the supply chain;
Evaluating suppliers with the resilience measures to increase the capability of supply chain against disasters or crises;
Validation of the proposed methodology through the case study of a furniture company.
Literature review
In today's competitive market, an organization has to optimize its business process through collaborating with other actors of the supply chain. Each actor in a supply chain (i.e., supplier, manufacturer, distributer, and retailer) aims to increase the total performance of the network [14] . One of the most important decisions, which impacts the performance of all actors, is SS&OA [15] . In recent years, this problem has been considered by many scholars as an integrated decision (at strategic and tactical decision levels) in the supply chain to achieve positional competitive advantage.
Several approaches to the SS&OA problem have been developed. Since decisions are made based on con icting criteria, these approaches can be categorized into two main groups of analytical framework (or multi-attribute decision making methods) and multiobjective mathematical models [16] . Many scholars have utilized both categories, simultaneously, for selecting supplier and allocating order [17, 18] . For example, Hammami et al. [19] considered a global supplier selection problem in which price discounts and uncertain uctuations of currency exchange rates played a crucial part. They formulated the problem as a mixed-integer scenario based stochastic model in two stages. At the rst stage, the model sought to select appropriate suppliers and total order quantity, while at the second stage, the model optimized order size in di erent periods. G oren [20] proposed a hybrid decision framework for selecting supplier and allocating order quantity regarding sustainability factors. He applied fuzzy DEMATEL and Taguchi loss functions to calculating sustainability weight of each supplier. The results demonstrated the applicability and usefulness of such hybrid method [20] . Indeed, this paper developed a two-steps decision framework for determining the RWs of the suppliers (utilizing analytical framework) and then, selecting supplier and allocating order quantity to them (developing a multi-objective mathematical model). Chai et al. [21] reviewed the applications of di erent decision making techniques to the SS&OA problem. They concluded that MultiAttribute Decision Making (MADM) methods such as AHP and ANP were the most frequently used ones due to their e ectiveness in ranking. Moreover, fuzzy sets are capable approaches to dealing with the uncertainty in SS&OA problem [22] . Keshavarz Ghorabaee, et al. [23] reviewed the application of the fuzzy MADM methods to SS&OA in uncertain environment. The review included 11 well-known MADM methods applied to 339 relevant problems. It emphasized the insu cient attention to fuzzy DEMATEL and ANP hybrid method in the previous studies for solving SS&OA problem, while, although the fuzzy DEMATEL and AHP hybrid method had been used more than fuzzy DEMATEL and ANP, the ANP method could include the whole interrelationships between selection factors [23] . Accordingly, they intended to apply the DEMATEL and ANP hybrid method to calculating the RW of the supplier.
Rezaei and Davoodi [24] presented two multiobjective models for solving SS&OA problem. They emphasized that new exible methods should be developed to deal with hard constraints in multi-objective SS&OA problem. Furthermore, they proved that the two decisions should be optimized jointly due to the inherent interdependency between them [24] . Although shortage was considered in this model, other e ective features, e.g., disruption, risk, delivery, and quality, between the actors of the supply chain were not addressed. Hajikhani et al. [15] proposed a fuzzy multi-objective mathematical programming model for SS&OA with pricing considerations. Di erent factors were considered as objective functions, including purchase, transportation, ordering costs, and timely delivering. Fuzzy sets were used to solve the model under environmental uncertainties. They proposed risk and disruption as two major features in the subsequent research studies on SS&OA [15] . Recently, Gharaei et al. [10] developed a multi-objective mathematical model for SS&OA in supply chain with regard to imperfect quality products. They highlighted the impact of the imperfect quality products on the total performance of the supply chain (i.e., total inventory cost and pro t). To increase the applicability of the model, the uncertainty of real problems was considered in the stochastic constraints [10] . However, while sensitivity analysis was carried out to show the tradeo between inventory cost and pro t of the network, the impacts of other features (e.g., resilience and exibility) were not considered. The resilience features have been considered in other areas, such as urban management [26, 27] , logistics [27] , and disaster operation management [28] . However, although di erent aspects of supply chain network design have widely been studied in the literature, a review conducted by Govindan et al. [29] showed that a small number of papers had studied resilience features for SS&OA. Sawik [30] proposed 3 mixedinteger models for selecting supplier and allocating quantity. His models aimed to protect the selected suppliers from disruptions and to allocate emergency inventory to supply chain actors.
Fattahi [31] developed a resilient model of SS&OA under operational and disruption risks. He used supplier forti cation and option contract as well as risk constraint to develop the resilient model. Di erent approaches have been presented to develop this model, e.g., integration of supply chain decision levels and modelling alternative resilience factors. Vahidi et al. [32] presented a new bi-objective two-stage programming model to solve SS&OA problem with operational and disruption risks. To improve the resilience level of the supply chain, they considered di erent resilience strategies, such as backup suppliers, in the literature. A mixed possibilistic-stochastic mathematical model was developed to encounter both disruptive and operational risks [32] . Although their model and solution method could handle the uncertainty of real cases, the complexity of the approach decreased the applicability of the model. Furthermore, the developed model was aimed at improving the total performance of the supply chain through the overall resilience strategies. However, it did not consider the resilience capability of each actor in the supply chain for selecting supplier and allocating orders.
This paper contributes to the literature in several ways. First, an integrated mathematical model will be developed for strategic and tactical decision levels under uncertainty. To this end, supply chain network is designed by focusing on SS&OA problems in a dynamic multi-period, multi-sourcing, and multi-item environment. Second, resilience measures are explored for measuring the RW of each supplier. Third, the impacts of the disruptions will be considered on every actor in supply chain through suppliers to retailers. To the best of our knowledge, this paper is the rst one in the literature which accounts for these aspects of SS&OA resilience in a supply chain network design problem.
Integrated model of SS&OA
The aim of this paper is to design a resilient supply chain network with focus on SS&OA problem. For this purpose, a two-stage integrated approach is introduced. At the rst stage, the RWs of suppliers are calculated. A set of resilience measurements in the literature is explored and classi ed into ve categories including quality, delivery, technology, environmental competency, and continuity. Then, trapezoidal fuzzy DEMATEL is applied to nding the strongest interdependencies among di erent measures. Afterwards, triangular fuzzy ANP is used to calculate the RW of supplier (which is known as overall performance of each supplier in the network). At the second stage, a fuzzy multiobjective mixed-integer linear programming model is proposed. The proposed model aims to minimize total cost while maximizing overall performance of the network. Figure 1 shows the proposed integrated approach schematically.
Problem description
Globalization and increased competition in markets have forced organizations to expand their market share for increasing their pro t. In order to enhance quality and market share, organizations have to select suppliers whose products are of higher quality and lower cost [33] . In fact, organizations should be able not only to produce various products with regard to the needs and preferences of costumers and transport the products to them through resilient and cost-e ective networks, but also to purchase the required raw materials from e cient suppliers [34] . Possibility of disruption occurrence and the inherent uncertainty of di erent parameters in supply chain network in real cases add to the complexity of the problem. This paper considers a three-level supply chain including supplier, manufacturer, and retailer. Suppliers supply the required raw materials for production at the level of manufacturers and the nal products are shipped to retailers. Fixed and variable costs are diverse in di erent plants with various technologies and resources. Each manufacturer is capable of producing one or more products. Manufacturers select the suppliers and determine order quantity for each raw material. [43] Type and amount of transferred products from each manufacturer to the retailer should be determined.
Calculating RW
The main objective of this stage is to obtain RW of suppliers. A list of resilience measures and indicators is explored by reviewing the relevant literature on supplier selection. Table 1 reports the list of resilience measures for resilience measurement of suppliers. The interdependencies among resilience measures and indicators are calculated through a hybrid fuzzy MCDM method, which comprises fuzzy DEMATEL and fuzzy ANP methods. Finally, the overall performance of each supplier is calculated from the viewpoint of the interested parties towards suppliers. In a survey, decision makers or stakeholders of supply chain are asked to score the resilience measures of the suppliers with respect to each indicator in the range of 1 to 9. The nal RW of supplier (i) with respect to RM l can be calculated by Eq. (1):
where n lz is the nal score for supplier i with respect to RM l, n lzk is the score given by stakeholder k for the resilience of supplier (i) with respect to indicator l, and M k is the importance of the k-th stakeholder in the supply chain. Accordingly, the resilience weight of the supplier can be identi ed by Eq. (2):
where OP i denotes the RW of supplier i and W fl is the nal weight of indicator f for RM l, which is calculated by the fuzzy ANP method. A brief explanation of fuzzy DEMATEL and fuzzy ANP methods is provided in Appendix A.
SS&OA mathematical formulation
The proposed model is formulated as a fuzzy multiobjective mixed-integer linear programming one. It seeks to select the supplier and allocate the order quantity. The RW of the supplier calculated in the previous stage is used as input parameter in the proposed model.
Assumptions
The following assumptions are made to formulate the SS&OA problem:
Planning horizon is divided into certain periods. Decisions are to be made for the beginning of the periods;
Fixed costs and variable costs vary from plant to plant, since the applied equipment and facilities in each plant are di erent. These costs may di er in each period;
Each product is composed of several components the types and quantities of which are speci ed according to BOM; For supplying each raw material, one or more suppliers are available;
The manufacturer can purchase excessive materials in one period and transport them to customers after production in the following periods;
The manufacturer may face shortage in a period and compensate for it in the following periods; Each plant has speci ed capacity; Disruption rates for each actor in each period are speci ed based on experiences and judgments of the experts;
Time is not intended directly for transportation of materials and products. The e ect of time is considered as transportation cost.
Notation
The following notation is used to formulate the SS&OA: (1 ũ t jn ):y t jsn 8j; n; t; 
The objective f 1 is to minimize total cost of supply chain, consisting of material transportation cost (from suppliers to plants), material purchasing cost (by manufacturer from supplier), product transportation cost (from manufacturer to retailers), variable production cost, and xed costs (both manufacturer and retailer). The problem is multi-period and close relation exists between supplier and manufacturer in di erent periods. Hence, the last two terms of f 1 are considered as penalty costs for excessive material and shortage in supply and production. The objective f 2 is to maximize resilience in the performance of the network. The function is calculated by multiplying resilience weight (derived in the rst stage) by the amount of order for each supplier. It helps the model to select suppliers with higher RW and increase the resilience level of the supply chain network. Eqs. (6) to (8) guarantee the capacities of suppliers, plants, and retailers in each period, respectively. As the problem is a threelevel supply chain network, two balance equations are formulated. Eqs. (9) and (10) are balance equations between suppliers and manufacturers, and between plants and retailers, respectively. Since excessive products and materials and shortage at the levels of plants and suppliers are considered in the problem, two mid-term balance equations are developed for products and materials. Eq. (11) ensures balance between all products and retailers with shortage in production or excessive production during the rst period. Eq. (12) transforms excess products and shortages from a period to the subsequent one. Eqs. (13) and (14) ensure that the amounts of excess and shortage are zero at the beginning and end of the planning horizon. Eqs. (11) to (14) are balance constraints for excess and shortage of products. Similarly, Eqs. (15) to (18) (20) and (21) enforce integer and binary restrictions on the corresponding decision variables.
Solution methodology
To cope with the uncertainty and multi-objectives of the proposed SS&OA model, a two-phase approach is used. In the rst phase, the methods of Jim enez et al. [45] and Parra et al. [46] are hybridized, as suggested by Pishvaee and Torabi [47] , to convert the model into an equivalent auxiliary crisp one. Then, in the second phase, the Torabi-Hassini (TH) method [48] is applied to nding the preferred nal compromise solution. For the sake of more clarity, the transformation method [47] is introduced in Appendix B.
In the equivalent crisp model achieved in the previous section, the following steps should be taken to nd the preferred compromise solution:
Step In order to reduce computational complexity, the following rules have been suggested in TH method [48] :
Obtaining an approximate PIS for each objective function by solving the corresponding MILP heuristically to obtain a satisfactory feasible integer solution; Instead of solving a separate MILP for determining each NIS, we can estimate them using the PISs. Let v and f (v ) denote the decision vector associated with the PIS of the th objective function and the corresponding value, respectively. Thus, the related NIS could be estimated as follows: f NIS = minff 1 (v 1 ); f 2 (v 2 ); f 3 (v 3 )g:
Step 2: Specify a linear membership function for each objective function as follows:
Step 3 
where (v) and 0 = min f (v)g denote the satisfaction degree of the th objective function and the minimum satisfaction degree of objectives, respectively. This formulation has a new achievement function de ned as a convex combination of the lower bound for satisfaction degree of objectives ( 0 ) and the weighted sum of these achievement degrees ( (v)) to ensure yielding an adjustable balanced compromise solution. Also, and indicate the relative importance of the th objective function and the coe cient of compensation. is determined by the decision maker based on their preferences so that 1 + 2 = 1. Also, controls the minimum satisfaction level of objectives as well as the compromise degree among the objectives. implicitly.
Step 4: Solve the crisp model by the MIP solver.
If the decision maker is satis ed with the current e cient compromise solution, stop. Otherwise, provide another e cient solution by changing the values of controllable parameters and , and go back to Step 1.
Case study
In order to illustrate the application of the proposed integrated approach to supply chain network design, the case study of a wood products manufacturer in northern Iran is presented. The company produces wooden bu et and chest of drawers in two workshops. The main raw material for each product is MDF sheet with speci c thickness and width. According to the Bill Of Materials (BOM), the required amount of materials for each product is shown in Table 2 The company can obtain the required raw materials from three suppliers (Sup 1 , Sup 2 , Sup 3 ). As stated before, the company has two workshops for manufacturing the products. The required data for each workshop are shown in Table 3 . Moreover, three planning periods are considered. Since the two workshops are located in the same industrial zone, their transportation and purchasing costs are the same. In this case, three retailers are considered. The required data for one of the retailers are presented in Table 4 and the remainder are omitted for brevity. Three experts expressed their opinions about the suppliers of the company and the interdependencies among the MAs and the overall performance of suppliers were calculated based on their quoted data. The network derived from DEMATEL is shown in Figure 2 and the overall performance of each supplier is shown in Table 5 . Other information including capacity, average disruption rate, and purchasing and transportation costs are shown in Table 5 . The presented model is solved based on di erent minimum acceptable possibility levels ( ) as well as di erent values of and . Acceptable results for decision makers in the company are calculated with 1 = 0:8, 1 = 0:2, = 0:7, and = 0:6. The results are shown in Table 6 .
Conclusion
In this paper, an integrated model for supplier selection and order allocation was proposed focusing on a dynamic multi-period, multi-sourcing, and multi-item supply chain. Resilience Weights (RWs) of suppliers were obtained based on the explored Resilience Measures through a hybrid fuzzy Decision Making Trial and Evaluation Laboratory (DEMATEL) and ANP method. The results were incorporated in a fuzzy multi-objective mixed-integer linear programming model. The proposed mathematical model was aimed at minimizing the total cost while maximizing the resilience performance of the supply chain network. The applicability and usefulness of the proposed approach was examined through the real case study of a wood manufacturer company with two workshops, three suppliers, and three retailers. Based on opinions of decision makers, the results were applicable to supply chain network design and it could help them make a balance between supply and market.
Future research could address the inherent uncertainty of the problem by di erent approaches such as mixed fuzzy stochastic problems. Furthermore, proposing disruption factors and their e ects on network structures in the model can lead to a more practical approach. In addition, developing heuristic and metaheuristic methods for solving large-scale problems is another avenue for the further research.
Appendix A DEMATEL DEMATEL method has successfully been applied to di erent areas such as e-learning, marketing strategy, service quality, safety problems, and supplier selection [21, 49] . DEMATEL method was founded based on graph theory. It uses matrix calculation to visualize the problem and calculate impact strength of existing relations [50] . In this paper, trapezoidal fuzzy DE-MATEL is applied to mapping the interdependencies among MAs and nding the corresponding impact strength. Fuzzy trapezoidal numbers are expressed as follows [51] [51, 52] to map the interdependencies among MAs:
Step 1. Ask a committee of experts to express their viewpoints towards the relations between MAs with uncertain linguistic terms and calculate the average matrix;
Step 2. Calculate the total relation matrix based on the normalized initial direct relation matrix acquired from the average matrix.
Step 3. De ne a threshold value to construct impact relation map. In this paper, threshold value is de ned by the experts. However, there are some algorithms such as mean de-entropy (MMDE) developed by Li and Tzeng [53] to set a proper threshold value.
Step 4. Map the interdependencies among MAs based on the total relation matrix and the de ned threshold value.
Fuzzy ANP ANP, which was introduced by Saaty [54] , includesall possible connections between elements and is a general form of the top to bottom hierarchy in AHP. In this paper, fuzzy ANP is applied to capturing the viewpoints of experts towards di erent KPIs through pairwise comparisons to nd the weight of each KPI. According to the previous step, each Ma may a ect the other one di erently. Therefore, the cluster weighting proposed by Yang and Tzeng [55] is applied in this paper to incorporating the DEMATEL results in the fuzzy ANP method. The fuzzy ANP steps are as follows:
Step 1. Develop unweighted supermatrix through pairwise comparisons using fuzzy triangular numbers based on Table A.1; Step 2. Calculate the weighted supermatrix via multiplying the derived matrix from DEMATEL method by defuzzi ed unweighted supermatrix;
Step 3. Rise the weighted supermatrix to limiting power to acquire global priority vectors, which are weights of KPIs denoted by W f .
Appendix B Auxiliary crisp model
The Expected Interval (EI) and Expected Value (EV) of the triangular fuzzy number e a T F N (a p ; a m ; a o ) can be de ned as follows [56] : 
